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Monotonic and Cyclic Backbone Response of Single Shear Sheathing-to-
Cold-Formed Steel Screw-Fastened Connections 
F. Tao1, R. Cole2, C.D. Moen3  
Abstract 
Monotonic and cyclic backbone load-deformation response models for single 
shear plywood, oriented-strand board, and gypsum board sheathing to cold-
formed steel screw-fastened connections are developed with support from an 
experimental program. Connection strength, stiffness, and the probability of 
screw shear failure are correlated to fastener bearing strength of the two 
connected plies. Cyclic strength and stiffness degradation was negligible. Cyclic 
excursions resulted in increased connection stiffness from the screw bearing 
hardening the ply material and locking in the plies. 
Introduction 
Monotonic and cyclic backbone load-deformation response models are 
developed with experiments in this paper to provide the capability to simulate 
roofing, diaphragm, and exterior and interior wall connections for simulation-
supported design (e.g., FEMA P695) of cold-formed steel framed buildings. 
Screw fasteners serve as the primary connectors in light steel framing (Figure 
1a) and their discrete behavior drives lateral and gravity system response (Figure 
1b). Whole building seismic analysis, i.e., modeling every cold-formed steel 
stud, track, shear wall, floor diaphragm, and fastener (Figure 1c), becomes 
feasible when connection response, including strength and stiffness degradation 
and energy dissipation, is accurately predicted.   
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Figure 1: (a) CFS-NEES two-story ledger-framed building with (b) oriented strand board (OSB) 
sheathed shear walls attached to steel studs using (c) screw-fastened connections 
 
Test data and parameterized load-deformation prediction methods for sheathing-
to-steel screw-fastened connections is scarce.   One of the most extensive 
experimental studies is documented in Okasha (2004), where monotonic and 
cyclic response of OSB and plywood-to-steel single fasteners were evaluated. 
The cyclic response in these tests exhibited an elastic region, then hardening to a 
peak load with minimal strength and loading stiffness degradation unless the 
fastener failed in shear. The cyclic energy dissipation decreased by 50% or more 
when the fastener was positioned closer to the sheathing edge because the wood 
was less restrained and had a tendency to split. 
 
More recent work has focused on documenting cyclic strength and stiffness 
degradation of typical cold-formed steel framing connections (Peterman et al. 
2014, Ayhan and Schafer 2016). Initial stiffness and post-peak response is 
known for different fastener head types (Haus and Moen 2014) and steps have 
been taken to parameterize the monotonic backbone response (Moen et al. 2014, 
Pham and Moen 2015, Moen et al. 2016).  Cyclic strength and stiffness 
degradation at the fastener level can also be considered in whole building 
models with newly coded pinching material models (Ding 2015) that 
accommodate accurate nonlinear dynamic time history analyses (Niari et al. 
2012, Bian et al. 2014, Ngo 2014, Fülöp and Dubina 2006). 
 
This paper derives monotonic and cyclic load-deformation backbone parameter 
models for sheathing-to-steel single-shear cold-formed steel screw-fastened 
connections, where the sheathing is oriented strand board (OSB), Structural 1 
plywood, and paper-laminated gypsum.  Models for steel-to-steel screw-fastened 
connections have been developed (Moen at al. 2016), and this paper extends 
these models to include sheathing, which will then serve as inputs for pushover 
and cyclic seismic simulations of light steel framed subsystems (shear walls, 
diaphragms) and whole building analysis (Padilla 2015), where the connections 
are inputted as nonlinear springs or hysteretic elements. Building serviceability 
calculation and retrofit procedures, for example, those outlined by ASCE 41-13 
(Pekelnicky and Poland 2012), can also be developed from the models, where 
connection stiffness at a specific fastener load is required.     
(a) (b) (c)
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Screw-fastened connection experimental program 
Single shear sheathing-to-steel screw fastened connection response is 
experimentally documented in this section.  Both monotonic and cyclic fastener 
tests were performed which are used to define load-deformation backbone 
response models that are discussed later in this paper. 
Test matrix 
The sheathing-to-steel test matrix is shown in Table 1. The t1 sheathing Ply 1 
and t2 steel Ply 2 thicknesses were varied in the following combinations: O133, 
O233, O243, O254, O268, O297, O397, P133, P233, P243, P254, P268, P297, 
P397, G133, G233, G243, G254, and G354, where 33, 43, 54, 68, and 97 
correspond to nominal ply thicknesses in thousands of an inch (SFIA 2016) 
which converts to design thicknesses of 0.88 mm, 1.15 mm, 1.44 mm, 1.81 mm, 
and 2.57 mm, respectively. The labels O1, P1, and G1 correspond to the thinnest 
sheathing tested, which is 11.6 mm for the OSB, 11.4 mm for the plywood, and 
9.54 mm for the gypsum, respectively. The labels O2, P2, and G2 correspond to 
the medium-thick sheathing tested, which are 14.9 mm for the OSB, 14.7 mm 
for the plywood, and 12.6 mm for the gypsum, respectively. The thickest 
sheathings tested are O3, P3, and G3 corresponding to 17.9 mm for the OSB, 
17.3 mm for the plywood, and 16.1 mm for the gypsum, respectively.  
 
Each OSB and plywood combination was studied for #8, #10, and #12 flat-head 
self-drilling fasteners, and each gypsum combination was studied for a #6 bugle-
head self-drilling fastener. All combinations were subjected to both monotonic 
and cyclic loadings, totaling 186 tests. The test naming convention denotes the 
Ply 1 and Ply 2 thicknesses (t1 and t2), fastener size, test type (M=monotonic, 
C=cyclic), and trial number within a test series. For example, ‘P233-8-C1’ is the 
test combination with a 14.7 mm-thick plywood Ply 1, 33 Ply 2 (t2=33 
thousandths of an inch=0.90 mm), a #8 flat-head fastener, and the first of three 
cyclic loading trials. 
 
Table 1: Sheathing-to-steel fastener test matrix 
 
11.6 17.9 11.4 17.3 9.54 12.6 16.1
#8 #8 #10 #12 #12 #8 #8 #10 #12 #12 #6 #6 #6
33 3 3 3 - - 3 3 3 - - 3 3 -
43 - 3 3 - - - 3 3 - - - 3 -
54 - 3 3 3 - - 3 3 3 3 - 3 3
68 - - 3 3 - - - 3 3 3 - - -











A single screw is driven from Ply 1 into Ply 2 as shown in Figure 2, where Ply 1 
is always the sheathing and Ply 2 is always the steel.  Aluminum fixtures 
provide a 102mm by 102mm window that supports the plies on 3 sides.  This 
test setup evolved over a few iterations (Corner 2014) and was inspired by 
Okasha (2004). The window was designed to prevent the two connected plies 
from separating as moment develops in the single shear connection.  This 
separation occurs in a standard connection test, i.e., AISI S905-13 (AISI 2013), 
which is inconsistent with typical framing connection behavior where the 
framing members (studs and tracks) have enough flexural stiffness to prevent 
ply separation (Haus and Moen 2014). 
 
 
Figure 2: Single fastener connection (a) test setup; (b) specimen dimensions and construction 
Specimen construction, installation, and fastener details 
Each specimen consists of a sheathing Ply 1 and a steel Ply 2 (Figure 2b).  The 
typical installation procedure was to drive the fastener (#6, #8, #10, or #12) from 
Ply 1 into Ply 2, slide the fastened Ply 1 and Ply 2 specimen onto the bolts in the 
upper and lower aluminum fixtures, and then tighten the 13 mm diameter bolts 
at the top and bottom fixtures. The load cell reading was zeroed before 
tightening the bolts to measure any pretension or precompression force. The 
drilled bolt hole and bolt size are closely matched to prevent ply slip at the 
bolted connections.  
 
All fasteners were provided by Simpson Strong-Tie, and their product numbers, 
head types, lengths, head diameters, major thread diameters, D, and fastener 
19 mm φ spheres, spac-
ing 50 mm from rod end 
for measuring fastener tilt 
angle, 150 mm long rod is 
glued to fastener head
Relative ply 
displacement, δ
(+ when targets 
move away from 
each other)
Connection shear force, F
Crosshead displacement, Δ
19 mm φ red target for measuring 
relative ply displacement (typ.)




17 mm thick lower aluminum fixture 
with 102 mm x 102 mm window
38 mm thick upper aluminum fixture 










shear strength, Fss, are provided in Table 2. As fastener size increases, there is an 
increase in head diameter, major thread diameter, and fastener shear strength.  
 
Table 2: Fastener details 
 
Test measurements and instrumentation 
Relative movement between the plies was measured with a custom optical non-
contact measurement system designed and validated at Virginia Tech.  Relative 
ply displacement is recorded by following four red sticker targets (two on each 
ply) with a Microsoft Lifecam cinema HD 720p video camera recording at 30 
frames per second.   The area and location of each target is identified in every 
video frame using custom code provided in Tao and Moen (2016) utilizing the 
Matlab Computer Vision System Toolbox (Matlab 2015).   The relative 
displacement between Ply 1 and Ply 2 (δ in Figure 2a) is calculated by taking 
the average target area in pixels for the first 50 data points measured in Matlab 
and using this value and the measured target area (285 mm2) to convert the 
distance between targets into mm from pixels. Measurement accuracy is ±0.10 
mm (Pham and Moen 2015).   
 
The connection force, measured with a 150 kN load cell (accuracy of ± 0.10 
kN), was synchronized to the relative ply displacement δ with common time 
stamps in the video and data acquisition files. The crosshead displacement, Δ 
(Figure 2a), was also recorded using the test machine internal LVDT (accuracy 
of ± 0.10 mm), and Δ is used to implement the monotonic and cyclic loading 
protocols discussed later in this paper. 
Steel material properties 
The steel plies used in this experimental study were provided by ClarkDietrich 
Building Systems out of their Sparrows Points, MD facility. Steel sheet yield 
stress (Fy) and ultimate stress (Fu) were measured for each ply thickness from 
tensile coupons tested in accordance with ASTM E8M (ASTM 2004).  The 
mean (µ) and coefficient of variation (cv) statistics in Table 3 and Table 4 are 
calculated from three tests per ply sheet thickness (specimens of the same 
thickness came from the same sheet).   Table 4 summarizes the material 






diameter, D (mm) F ss  (kN)
Gypsum-to-33-mil steel #6 DWF158PS Bugle 41 8.1 3.45 5.6
Gypsum-to-43, 54-mil steel #6 DWFSD158PS Bugle 41 8.0 3.45 5.6
Wood sheathing-to-steel #8 PPSD11516S0818 Flat 49 8.1 4.14 7.5
Wood sheathing-to-steel #10 PPSD134S1016 Flat 44 8.3 4.67 8.9
Wood sheathing-to-steel #12 PPSD134S1214 Flat 44 11.6 5.41 11.9
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properties of the second batch of steel that was required to complete the tests 
(again coming from ClarkDietrich). 
 
All specimens exhibited a yield plateau followed by strain hardening except for 
the 43 plies from the first batch which gradually yielded and fractured with 
approximately 60% less elongation that the other plies. 
 
Table 3: Steel ply material properties for Delivery 1 
 
 
Table 4: Steel ply material properties for Delivery 2 
 
Sheathing material properties 
Dowel bearing strength tests were conducted in accordance with ASTM D5764 
(ASTM 2013) to obtain the yield stress (Fy) and ultimate stress (Fu), and 
modulus of elasticity (E) of the OSB, plywood, and gypsum. A full-hole setup 
(Figure 3a) was used with 50.8 mm by 76.2 mm sheathing test specimens with a 
9.5 mm diameter hole (Figure 3b). A 9.5 mm diameter, Grade 8 steel alloy 
dowel pin was placed through the hole, and the specimen is loaded uniformly 
from the top (Figure 3) at a constant loading rate of 1 mm/min. The test is 
stopped at the first occurrence of either a 10% drop from the maximum load or a 
crosshead displacement of 10.2 mm.  
 
A straight line was fit to the initial linear region of the load-deformation curve 
(line defined from zero to 20% of peak load). The slope of the fit line is E, and 
the load at which the line, offset by 5% of the pin diameter (9.5 mm)=0.475 mm, 
intersects the load-deformation curve was taken as the yield load, which was 
dividing by the dowel bearing area (9.5 mm multiplied by the sheathing 
thickness) to obtain Fy. The ultimate stress Fu is the maximum load divided by 
the dowel bearing area. A summary of the sheathing material properties and the 
corresponding statistics are summarized in Table 5.  
µ c v µ c v µ c v µ c v
33 3 0.90 0.01 325 0.03 376 0.02 34.1 0.03
43 3 1.11 0.01 590 0.01 615 0.01 7.4 0.07
54 3 1.43 0.00 393 0.01 493 0.00 24.4 0.10
68 3 1.80 0.00 390 0.04 510 0.03 20.3 0.10
97 2 2.56 0.00 379 0.00 505 0.02 21.9 0.07
% elongation 
at fracturePly Sample size, n
t (mm) F y  (MPa) F u  (MPa)
µ c v µ c v µ c v µ c v
33 3 0.86 0.01 330 0.02 408 0.02 32.6 0.02
43 3 1.12 0.01 306 0.01 377 0.01 33.3 0.06
54 3 1.44 0.00 381 0.02 512 0.01 26.6 0.01
68 3 1.83 0.00 374 0.05 489 0.02 21.1 0.07
97 3 2.52 0.00 333 0.01 475 0.01 26.4 0.02
% elongation 
at fracturePly Sample size, n
t (mm) F y  (MPa) F u  (MPa)
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Figure 3: (a) ASTM D5764 dowel bearing test setup and (b) sheathing specimen  
 
Table 5: Sheathing material properties 
 
Connection specimen loading 
Monotonic tests were conducted under crosshead displacement control at 
Δ=0.025 mm/sec which is consistent with the recommended loading rate in 
Okasha (2004).  The cyclic loading protocol is adapted from FEMA 461 quasi-
static cyclic deformation-controlled testing protocol (FEMA 2007) as shown in 







µ c v µ c v µ c v µ c v
11.6 mm 10 11.6 0.02 29.6 0.25 33.4 0.18 606 0.15
14.9 mm 5 14.9 0.03 32.9 0.05 40.9 0.17 699 0.07
17.9 mm 5 17.9 0.01 22.7 0.28 33.8 0.17 678 0.15
11.4 mm 5 11.4 0.01 32.6 0.15 41.0 0.26 523 0.10
14.7 mm 6 14.7 0.02 47.9 0.12 56.1 0.12 908 0.21
17.3 mm 5 17.3 0.00 43.8 0.14 51.4 0.14 875 0.18
9.54 mm 5 9.54 0.00 8.40 0.12 10.3 0.06 240 0.12
12.6 mm 5 12.6 0.00 5.10 0.10 6.80 0.04 142 0.12





Sheathing Sample size, n
t (mm) F y  (MPa) F u  (MPa)
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characteristics of building components for which damage is best predicted by 
imposed de-formations. The protocol comprises steps of increasing amplitude 
with two cycles per step and symmetric displacement amplitudes. Each step 
displacement amplitude is 40% larger than the previous, i.e., Δi=1.4Δi−1 (see 
Figure 4a).  
 
The cyclic loading protocol is anchored at the beginning of the second step (i.e., 
the 3th cycle) with the crosshead displacement Δa assumed to define the end of 
the linear portion of a fastener’s load-deformation response and beginning of the 
fastener damage state (Pham and Moen 2015).  Assuming crosshead and relative 
ply displacements are equivalent, the anchor displacement Δa is calculated as the 
predicted relative ply displacement at 0.40Fc, i.e., Δa=δa=0.4Fc/Ke, where Fc is 
the peak (cap) load and Ke is the elastic stiffness of the monotonic response 
shown in Figure 4b. FEMA 461 suggests 6 deformation cycles before the first 
damage limit state; however, this was not practical for these fastener tests where 
plasticity initiates at low load levels through bearing deformation. 
 
Figure 4: (a) Cyclic fastener loading protocol for test 3333-8; (b) backbone curve notation 
Monotonic and cyclic backbone characterization and trends 
Backbone nomenclature 
The monotonic and cyclic fastener load-deformation responses are characterized 
as backbone curves to facilitate hysteretic modeling including strength and 
stiffness degradation.   The backbone configuration and notation are motivated 
by Ibarra-Medina-Krawinkler model (Ibarra et al. 2005), and each curve is 
composed of five regions – elastic, hardening, peak, post-peak, and residual as 
shown in Figure 4b.   These regions in Figure 4b are defined by load-
displacement points (Fy, δy), (Fc, δc), (Fr, δr), and (0, δf) with related stiffnesses 
(slopes) Ke, Ks, Kc, and Kr. 
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Backbone construction 
Monotonic backbone construction was performed by visually selecting (Fc, δc) 
as the first peak load after hardening, then visually selecting (Fy, δy) to match the 
elastic and hardening leg slopes Ke and Ks.  The point (Fr, δr) is obtained so that 
the post-peak backbone segment from (Fc, δc) to (Fr, δr) is a linear fit (i.e., the 
average) of the tested response, and then δf is calculated to equate areas under 
the load-displacement curve for the tested and backbone response. The 
backbone of the positive cyclic response (+Δ in Figure 2a) was obtained by first 
identifying the response outline using the Matlab Boundary command with the 
‘shrink factor’=1, and then following the same procedures discussed previously 
for the monotonic backbone.  
 
Monotonic and cyclic backbone examples for OSB (Figure 5), Structural 1 
plywood (Figure 6), and gypsum board (Figure 7) highlight the variation in 
response between connection configurations.   The O133-8-3 monotonic 
response in Figure 5a is defined by steel bearing accumulation and hardening in 
front of the fastener in the thin steel Ply 2 (t=0.88 mm) up to peak load with 
minimal bearing deformation in the OSB, and a rapid post-peak strength 
reduction (observed in both monotonic and cyclic responses) as the fastener tilts 
and tears through Ply 2.  The cyclic response in Figure 5b exhibits post-peak 
strength and stiffness degradation as the fastener tears through the steel Ply 2. 
This response contrasts with the monotonic Structural 1 plywood test P254-12-2 
in Figure 6a, where a higher peak capacity (compare Fc=2.5 kN to Fc=6.8 kN) 
results from a thicker steel Ply 2 (t=1.44 mm), however a similar post-peak 
slope and cyclic strength in stiffness degradation (Figure 6b) develops from a 
tilting and screw pullout failure mode consistent with test specimen O133-8-3.   
The gypsum-to-steel G254-6-3 monotonic response in Figure 7 confirms the 
influence of sheathing bearing strength on peak capacity with Fc=0.59 kN 
(resulting in a bearing stress of 4.9 MPa, compare to Fy=5.1 MPa for gypsum 
board in Table 5) which is approximately 90% lower than that of wood-sheathed 
test specimens.  The post-peak cyclic response in Figure 7b exhibits minimal 
strength and stiffness degradation because the screw continues to bear and 
elongate the hole, without tilting, on the compacted gypsum board. 
 
For some of the ply combinations, a shear failure dictated the post-peak 
backbone response, resulting in a sudden load drop to zero after reaching the cap 
(peak) load Fc.  The differences between these two failure limits – fastener 
bearing/pullout and screw shear failure, are considered separately in the 




Figure 5: Backbones for fastener configuration O133-8-3: (a) monotonic and (b) cyclic loading 
 
 
Figure 6: Backbones for fastener configuration P254-12-2: (a) monotonic and (b) cyclic loading 
 
 
Figure 7: Backbones for fastener configuration G254-6-3: (a) monotonic and (b) cyclic loading 
 
 
Monotonic and cyclic backbone trends and observations 
Backbone segment parameters are extracted for each of the ply combinations 
and loadings (monotonic, positive cyclic excursion). Table 7 summarizes the 
results, where M represents the monotonic loading, and C represents the positive 
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cyclic loading. The “*” indicates a ply combination that failed in fastener screw 
shear. The three trials for each specimen were averaged to give the statistics in 
Table 7.  
 
Models for the backbone loads (Fy, Fc, Fr) and stiffnesses (Ke, Ks, Kc, and Kr) are 
proposed based on the tested trends and observations. The fastener load model is 
F[y,c,r]=αψβFss ≤Fss and the fastener stiffness model is K[e,s,c,r]=αψβKa where 
ψ=[Fss/(t1Dfu1)][(Fss/t2Dfu2)], Fss is the fastener shear strength (typically 
determined experimentally by manufacturers), Ka=[1/(E1t1)+1/(E2t2)]-1 which is 
the axial stiffness of two square plies calculated as springs in series assuming a 
rigid fastener connection, E1 (taken from Table 5)and E2 (taken as 29,500 ksi) 
are the ply elastic moduli, and α and β in Table 6 are calculated with the Matlab 
function fminsearch minimizing the difference in error between test and model. 
Test-to-predicted statistics are provided in Table 6. Tests that experienced screw 
shear failure are included in the parameterization of Fy, Fc, Ke, and Ks only since 
post-peak response was a drop to zero load. The backbone model framework is 
designed to generally accommodate high strength steel plies (e.g., Rogers and 
Hancock 1999) and sheathing materials (OSB, plywood, gypsum). 
 
Ply bearing strengths t1Dfu1 and t2Dfu2 are key contributors to connection 
strength and stiffness.  Decreasing either of the bearing strengths results in 
decreased connection strength and stiffness which is reflected in the backbone 
models.   For both monotonic and cyclic tests, the typical response has a linear 
region where the connection shear stiffness (Ke) is defined by bearing 
deformation in the plies.  Changing fastener sizes from #8 to #12 increases Ke 
because the bearing stress and associated deformation in each ply decreases. The 
yielding load Fy and peak (cap) load Fc experience minimal cyclic degradation 
as the fasteners repeatedly bear on the plies (Figure 8a), and it is hypothesized 
that the positive cyclic (C+) elastic connection stiffness (Ke) is approximately 
double the monotonic stiffness (Figure 8b) because the fastener bearing area 
hardens the steel and sheathing and the fastener threads lock into the plies 
during the first few excursions. The monotonic and cyclic backbone load and 





Figure 8: Fastener backbone models: (a) cap (peak) load Fc; and (b) initial stiffness Ke 
 
Table 6: Backbone model parameters and test-to-predicted statistics 
 
 
α β µ c v
monotonic 0.58 -0.42 1.00 0.29
cyclic 0.57 -0.42 1.00 0.24
monotonic 1.09 -0.47 1.00 0.25
cyclic 1.09 -0.48 1.00 0.23
monotonic 0.61 -0.51 1.00 0.28
cyclic 0.68 -0.50 1.00 0.35
monotonic 0.84 -0.50 1.00 0.59
cyclic 0.95 -0.25 1.00 0.38
monotonic 0.035 -0.31 1.00 0.37
cyclic 0.037 -0.31 1.00 0.47
monotonic -0.043 -0.30 1.00 0.51
cyclic -0.039 -0.30 1.00 0.46
monotonic -0.31 -0.95 1.00 1.68












Table 7: Monotonic and cyclic backbone parameter summary and statistics 
 
 
µ c v µ c v µ c v µ c v µ c v µ c v µ c v µ c v µ c v µ c v µ c v
O133-8-M 1.82 0.25 2.15 0.13 0.87 0.18 1.11 0.07 6.24 0.17 18.82 0.11 63.67 0.04 1.67 0.28 0.06 0.34 -0.11 0.18 -0.02 0.26  
O133-8-C+ 1.58 0.07 1.94 0.06 1.35 0.05 0.31 0.17 5.30 0.03 12.35 0.09 17.79 0.14 5.19 0.18 0.07 0.19 -0.09 0.16 -0.27 0.28  
O233-08-M 1.58 0.15 3.01 0.10 1.36 0.79 1.18 0.44 8.20 0.09 16.89 0.28 48.68 0.55 1.54 0.34 0.20 0.24 -0.19 0.08 -1.84 1.40 *
O233-08-C+ 1.22 0.27 2.38 0.09 2.09 0.13 0.21 0.22 6.97 0.40 9.39 0.38 12.56 0.35 5.77 0.10 0.17 0.07 -0.13 0.16 -0.85 0.62 *
O233-10-M 1.72 0.33 2.76 0.11 1.06 0.15 2.06 0.56 10.71 0.13 16.79 0.02 37.60 0.09 0.97 0.39 0.12 0.21 -0.28 0.07 -0.05 0.31  
O233-10-C+ 1.50 0.24 3.17 0.23 2.20 0.21 0.34 0.20 8.96 0.11 13.03 0.13 21.67 0.14 4.41 0.04 0.19 0.26 -0.23 0.20 -0.26 0.05  
O243-08-M 1.92 0.22 3.42 0.08 2.62 0.08 0.95 0.34 8.03 0.28 11.24 0.35 16.77 0.46 2.20 0.27 0.23 0.37 -0.22 0.24 -2.86 1.26 *
O243-08-C+ 2.08 0.06 3.10 0.07 1.92 0.46 0.56 0.13 6.97 0.30 9.16 0.28 19.87 0.45 3.80 0.15 0.18 0.38 -0.72 0.91 -1.16 1.08 *
O243-10-M 1.83 0.28 3.63 0.19 1.82 0.09 0.89 0.32 9.64 0.17 15.45 0.06 30.74 0.09 2.17 0.27 0.21 0.20 -0.32 0.24 -0.13 0.25  
O243-10-C+ 2.00 0.18 3.18 0.11 1.15 0.12 0.36 0.26 5.27 0.37 11.30 0.35 37.27 0.34 5.65 0.07 0.24 0.18 -0.37 0.24 -0.05 0.33  
O254-08-M 2.27 0.15 3.55 0.07 1.96 0.08 1.02 0.09 8.06 0.14 14.19 0.05 28.44 0.09 2.25 0.17 0.18 0.14 -0.26 0.26 -0.14 0.14  
O254-08-C+ 1.75 0.12 2.70 0.13 2.01 0.18 0.47 0.13 9.00 0.04 13.76 0.07 20.20 0.03 3.71 0.05 0.11 0.17 -0.14 0.20 -0.31 0.08  
O254-10-M 1.75 0.35 3.64 0.05 1.66 0.19 0.61 0.32 9.72 0.05 18.08 0.09 59.33 0.07 2.85 0.04 0.21 0.22 -0.25 0.30 -0.04 0.24  
O254-10-C+ 2.17 0.11 3.66 0.08 1.45 0.13 0.47 0.13 8.13 0.18 16.44 0.04 34.87 0.10 4.66 0.15 0.19 0.19 -0.27 0.23 -0.08 0.28  
O254-12-M 3.10 0.09 5.03 0.03 2.18 0.20 1.03 0.09 9.99 0.07 22.11 0.03 73.38 0.06 3.00 0.00 0.21 0.17 -0.23 0.07 -0.04 0.12  
O254-12-C+ 3.08 0.17 3.88 0.12 3.60 0.15 0.53 0.21 7.54 0.22 10.48 0.19 28.97 0.34 5.93 0.06 0.12 0.33 -0.09 0.09 -0.26 0.60  
O268-10-M 2.25 0.18 4.21 0.19 2.39 0.15 0.52 0.12 8.37 0.08 16.20 0.06 30.34 0.28 4.28 0.06 0.25 0.14 -0.24 0.29 -0.21 0.47  
O268-10-C+ 2.00 0.00 3.28 0.07 2.96 0.09 0.32 0.13 8.19 0.02 10.91 0.07 20.59 0.03 6.35 0.12 0.16 0.16 -0.12 0.25 -0.31 0.11  
O268-12-M 2.50 0.00 4.51 0.07 2.54 0.09 0.71 0.00 8.95 0.08 18.49 0.14 44.71 0.02 3.50 0.00 0.24 0.08 -0.21 0.04 -0.10 0.10  
O268-12-C+ 2.17 0.29 4.59 0.07 3.39 0.14 0.27 0.31 9.63 0.04 15.29 0.10 30.57 0.12 8.41 0.17 0.26 0.10 -0.21 0.06 -0.23 0.25  
O297-10-M 2.03 0.12 3.27 0.07 2.49 0.15 0.93 0.21 7.30 0.17 10.84 0.26 13.38 0.35 2.23 0.09 0.20 0.14 -0.32 0.70 -1.85 0.59 *
O297-10-C+ 2.17 0.05 3.89 0.10 3.53 0.08 0.31 0.29 7.49 0.05 8.34 0.01 9.00 0.00 7.42 0.22 0.24 0.15 -0.50 0.42 -5.53 0.23 *
O297-12-M 2.75 0.22 4.69 0.08 3.62 0.14 0.77 0.25 8.30 0.25 11.65 0.10 19.74 0.28 3.58 0.03 0.28 0.34 -0.33 0.11 -4.53 1.33 *
O297-12-C+ 3.33 0.19 5.42 0.11 3.80 0.07 0.50 0.30 7.81 0.24 11.75 0.05 15.17 0.13 6.96 0.12 0.31 0.24 -0.72 0.71 -1.37 0.48 *
O397-12-M 2.08 0.46 4.56 0.29 3.28 0.35 0.77 0.55 11.76 0.11 17.92 0.14 19.19 0.15 3.00 0.24 0.24 0.36 -0.16 0.45 -2.62 0.34 *
O397-12-C+ 3.92 0.13 5.08 0.07 3.72 0.22 0.42 0.28 8.84 0.18 14.24 0.15 15.50 0.11 9.75 0.20 0.14 0.27 -0.28 0.73 -3.07 0.27 *
P133-8-M 1.18 0.11 1.89 0.09 1.17 0.07 0.37 0.11 9.88 0.17 16.17 0.09 30.77 0.26 3.17 0.07 0.07 0.33 -0.13 0.49 -0.10 0.42  
P133-8-C+ 1.30 0.11 2.03 0.13 0.58 0.12 0.45 0.33 7.74 0.14 16.86 0.01 44.14 0.01 3.12 0.27 0.10 0.13 -0.17 0.35 -0.02 0.13  
P233-08-M 1.55 0.09 3.41 0.05 2.17 0.10 0.52 0.32 8.86 0.11 13.69 0.09 21.50 0.19 3.25 0.27 0.22 0.07 -0.27 0.29 -0.34 0.49  
P233-08-C+ 1.58 0.07 2.35 0.06 0.67 0.17 0.47 0.09 4.21 0.27 6.29 0.21 10.73 0.13 3.40 0.04 0.20 0.09 -1.07 0.57 -0.16 0.30 *
P233-10-M 1.33 0.35 3.62 0.18 1.38 0.16 0.78 0.20 10.48 0.09 18.76 0.12 45.08 0.10 1.67 0.14 0.24 0.09 -0.29 0.42 -0.05 0.19  
P233-10-C+ 1.67 0.07 3.83 0.03 2.04 0.02 0.56 0.24 10.45 0.06 17.19 0.05 26.89 0.06 3.10 0.18 0.22 0.07 -0.28 0.28 -0.21 0.06  
P243-08-M 1.30 0.25 2.96 0.10 1.16 0.31 0.82 0.16 7.19 0.42 12.10 0.47 23.16 0.56 1.67 0.37 0.28 0.15 -0.54 0.60 -0.19 0.64 *
P243-08-C+ 2.00 0.10 3.47 0.12 1.15 0.45 0.43 0.20 7.92 0.48 10.45 0.48 20.25 0.11 4.79 0.11 0.25 0.42 -1.91 0.62 -0.14 0.47 *
P243-10-M 2.13 0.24 4.13 0.21 1.23 0.26 1.53 0.29 10.59 0.16 23.05 0.06 52.40 0.04 1.42 0.08 0.22 0.18 -0.25 0.37 -0.04 0.30  
P243-10-C+ 2.00 0.20 4.08 0.02 1.78 0.29 0.47 0.35 8.36 0.07 15.85 0.22 27.30 0.34 4.64 0.26 0.26 0.12 -0.34 0.28 -0.21 0.44  
P254-08-M 2.00 0.20 4.14 0.04 1.19 0.24 0.74 0.14 9.69 0.12 18.98 0.02 28.35 0.15 2.67 0.09 0.24 0.21 -0.32 0.16 -0.15 0.43  
P254-08-C+ 2.00 0.10 3.86 0.03 1.50 0.17 0.34 0.25 6.50 0.29 10.97 0.44 15.75 0.32 6.21 0.23 0.33 0.27 -0.87 0.60 -0.41 0.48 *
P254-10-M 2.67 0.12 3.49 0.15 2.16 0.11 1.29 0.16 11.70 0.11 17.06 0.04 44.74 0.17 2.08 0.06 0.08 0.38 -0.26 0.35 -0.08 0.27  
P254-10-C+ 2.08 0.15 4.38 0.06 1.23 0.09 0.41 0.11 9.11 0.02 18.86 0.08 25.17 0.17 5.10 0.06 0.26 0.18 -0.33 0.17 -0.23 0.39  
P254-12-M 3.40 0.13 6.11 0.09 3.54 0.16 1.27 0.04 12.64 0.07 21.85 0.04 37.69 0.03 2.67 0.09 0.24 0.24 -0.28 0.07 -0.22 0.11  
P254-12-C+ 3.17 0.23 4.93 0.10 1.98 0.01 0.49 0.19 9.87 0.16 23.44 0.07 34.90 0.08 6.39 0.06 0.20 0.35 -0.23 0.26 -0.21 0.45  
P268-10-M 3.08 0.04 5.43 0.05 1.79 0.11 1.03 0.04 9.87 0.11 21.20 0.03 32.80 0.11 3.00 0.00 0.27 0.19 -0.32 0.05 -0.17 0.42  
P268-10-C+ 2.58 0.05 4.51 0.02 2.31 0.06 0.59 0.15 9.92 0.03 15.96 0.00 20.88 0.08 4.44 0.13 0.21 0.05 -0.37 0.14 -0.51 0.25  
P268-12-M 4.50 0.09 6.20 0.03 2.62 0.10 1.92 0.23 13.31 0.07 26.47 0.13 42.28 0.11 2.42 0.13 0.15 0.25 -0.28 0.19 -0.17 0.12  
P268-12-C+ 3.17 0.07 5.50 0.14 3.70 0.11 0.47 0.33 10.87 0.20 17.33 0.12 27.15 0.16 7.29 0.24 0.22 0.10 -0.28 0.57 -0.49 0.46  
P297-10-M 2.67 0.12 4.68 0.08 3.39 0.13 0.85 0.13 7.56 0.12 11.87 0.19 12.84 0.19 3.17 0.13 0.30 0.25 -0.39 0.52 -3.77 0.33 *
P297-10-C+ 3.00 0.14 4.78 0.07 2.42 0.49 0.40 0.09 6.05 0.23 7.15 0.17 8.10 0.16 7.74 0.23 0.33 0.20 -4.20 0.63 -2.54 0.32 *
P297-12-M 3.67 0.31 6.18 0.17 4.89 0.19 1.01 0.34 8.74 0.20 15.04 0.07 17.13 0.10 3.67 0.03 0.32 0.18 -0.21 0.16 -4.10 0.69 *
P297-12-C+ 4.00 0.00 6.46 0.06 5.25 0.17 0.71 0.23 11.16 0.21 13.18 0.12 15.87 0.19 5.95 0.23 0.25 0.25 -1.22 1.09 -3.04 0.56 *
P397-12-M 4.00 0.00 7.67 0.03 5.76 0.16 1.00 0.00 13.76 0.12 20.47 0.11 22.33 0.11 4.00 0.00 0.29 0.08 -0.29 0.17 -3.14 0.23 *
P397-12-C+ 4.33 0.05 7.53 0.02 6.30 0.09 0.51 0.14 11.89 0.06 18.24 0.03 20.00 0.04 8.75 0.18 0.28 0.03 -0.19 0.36 -4.40 0.51 *
G133-6-M 0.61 0.02 0.69 0.01 0.36 0.01 1.55 0.03 6.46 0.17 24.90 0.06 40.73 0.07 0.31 0.03 0.02 0.18 -0.02 0.03 -0.02 0.16  
G133-6-C+ 0.48 0.05 0.60 0.04 0.35 0.13 0.87 0.13 4.25 0.26 21.09 0.07 32.76 0.11 1.08 0.09 0.04 0.20 -0.01 0.11 -0.03 0.27  
G233-6-M 0.41 0.10 0.51 0.04 0.32 0.13 1.29 0.07 8.28 0.14 25.01 0.19 50.20 0.01 0.33 0.08 0.02 0.18 -0.01 0.06 -0.01 0.08  
G233-6-C+ 0.37 0.03 0.46 0.02 0.36 0.07 0.34 0.08 11.02 0.18 21.54 0.17 34.71 0.18 0.84 0.11 0.01 0.19 -0.01 0.28 -0.03 0.26  
G243-6-M 0.43 0.05 0.50 0.04 0.41 0.06 1.34 0.15 10.55 0.41 25.10 0.03 31.36 0.05 0.43 0.19 0.01 0.29 -0.01 0.19 -0.07 0.26  
G243-6-C+ 0.34 0.19 0.52 0.13 0.42 0.09 0.41 0.21 10.41 0.10 18.44 0.11 41.98 0.12 0.82 0.04 0.02 0.11 -0.01 0.23 -0.02 0.19  
G254-6-M 0.42 0.03 0.57 0.03 0.47 0.04 0.97 0.02 9.96 0.29 24.09 0.11 29.50 0.03 0.71 0.05 0.02 0.31 -0.01 0.32 -0.10 0.33  
G254-6-C+ 0.42 0.03 0.53 0.01 0.41 0.09 0.54 0.24 9.27 0.01 26.07 0.02 36.77 0.06 1.18 0.26 0.01 0.09 -0.01 0.25 -0.04 0.27  
G354-6-M 0.87 0.03 1.04 0.03 0.54 0.42 1.23 0.01 8.91 0.23 14.15 0.16 17.40 0.19 0.00 0.02 0.03 0.36 -0.09 0.45 -0.22 0.76 *
G354-6-C+ 0.65 0.06 0.86 0.04 0.27 1.07 0.56 0.16 6.96 0.02 8.68 0.12 11.29 0.07 0.00 0.09 0.03 0.23 -0.50 0.63 -0.56 1.37 *
δ r  (mm) δ f  (mm) K e  (kN/mm) K s  (kN/mm) K c  (kN/mm) K r  (kN/mm)Test
F y  (kN) F c  (kN) F r  (kN) δ y  (mm) δ c  (mm)
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Probability of fastener screw shear failure 
It was observed that the tested connection post-peak response was dictated by a 
bearing, tilting, and fastener pullout, and sometimes screw shear would occur at 
peak load. This model is useful in high fidelity modeling and system reliability 
studies to determine the probability of fastener connections at a specific set of 
ply and fastener properties (i.e., at a specific ψ ). The probability of screw shear 
failure, Pf , is plotted in Figure 9, with Pf calculated as the number of screw 
shear failures at a certain ψ divided by the total number of fastener connection 
tests with that same ψ . Fastener screw shear failures mostly happen at smaller 
ψ, which consists of strong plies relative to the fastener shear strength. More 
fastener screw shear failures occur for cyclic loadings which is a result of the 
fasteners experiencing fatigue and fracture from cyclic loading. A model for the 




Figure 9: Probability of screw shear failure Pf increases as ply bearing strengths increase 
 
Table 8:Probability of screw shear failure, Pf , parameters and test-to-predicted statistics 
 
 
α β µ c v
monotonic 51.00 -2.55 1.00 2.81






This paper makes an important step towards light-steel framed whole building 
seismic analysis with single shear sheathing-to-steel fastener connection 
backbone models and failure probability predictions for fastener screw shear 
failure. The models were derived with data from an extensive experimental 
program considering monotonic and cyclic loadings, where bearing strengths of 
the connected plies were the primary parameters influencing pre-peak 
connection stiffness and strength.   This work also provides updates and 
improvements to the typical screw fastener connection test setup, defines a 
means for generalizing cyclic loading protocols for fasteners, and validates a 
non-contact computer-vision measurement system that conveniently and 
accurately measures relative slip and fastener tilt throughout the load-
deformation response. 
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